This letter proposes the fuzzy logic-based fast gain scheduling(FFGS) controller for regulation problem in nonlinear systems. It utilizes the fuzzy scheduling variable which re ects the derivative information on the original scheduling variable in order to achieve better performance than the existents.
Introduction
Recently there has been considerable progress in the theory of gain scheduling. The control law for the systems with slowly varying parameters has been developed 1]-3]. Moreover, in order to obtain better performance for fast time varying inputs the state feedback control law with the derivative information on the scheduling variables was proposed 4]. Use of derivatives was proven to be bene cial, though often it was di cult to precisely characterize the advantages. However, the control methodology contained two disadvantages when applied Dep . of Electrical Engineering, Korea Advanced Institute of Science and Technology, 373-1 Kusong-dong, Yusong-gu, Taejon, 305-701, Korea. y To whom all correspondences should be addressed to practical plants. One is that the set of nonlinear systems to which the proposed controller can be applied is con ned to only those that satisfy the following required assumption to derive the derivative gain. Moreover, if the constructed derivative gain is zero, there is no performance improvement. In this letter, however, such requirements are removed, since the proposed fuzzy preprocessor needs no derivative gain. The other serious problem is that the noise in measuring both the scheduling variable and its derivative may cause undesirable output response or destabilize the overall system. Therefore, in order to overcome such limitations we compute the fuzzy scheduling variable which re ects the derivative information on the original scheduling variable in itself and shows robustness to noise in measured signals. Then, we schedule appropriately designed control gains according to the fuzzy scheduling variable.
Problem Formulation
We consider a plant given by _ x(t) = f(x(t); w(t); u(t)) and y(t) = h(x(t); w(t); u(t)); x(0) = x 0 ; t 0
where x 2 R n is the state vector, u is the plant input, w is the exogenous signal, and y is the plant output. The functions f and h are assumed to be continuously di erentiable. The control law which achieves the control objective to minimize while rejecting w such that lim
is given by u = k(x; w) where r d is the reference input. The general gain scheduling controller is obtained by u = k(x; w) = u(w) + K 1 (w)(x?x(w)) where the smooth functions x(w) and u(w) satisfy 0 = f(x(w); w; u(w)) and r d = h(x(w); w; u(w)) for w 2 ? where ? is an open neighborhood of the origin in R. Furthermore, K 1 (w) is determined so that for each w the eigenvalues of @f(x(w); w; k(x(w); w))=@x+ @f(x(w); w; k(x(w); w))=@u K 1 (w) have speci ed values with negative real parts 1]. The proposed FFGS controller is composed of the state feedback controller and the fuzzy preprocessor as shown in Fig. 1-(a) . We notice that w is applied to the fuzzy preprocessor with disturbance d.
The fuzzy preprocessor computes the fuzzy scheduling variable w f by using both w and _ w as inputs of the rule signal with a derivative gain. Thus, the ampli ed noise resulting from both the derivative operation and the multiplication with a derivative gain,causes undesirable control input. In FFGS, however, the averaging mechanism of the defuzzi cation cancel the noisy component in w and _ w to some extent, and no derivative gain is multiplied.
3 Example : Active Suspension System
We apply FFGS to the control of active suspension system with a nonlinear gas-spring. Nsec=m, and R = 7. The road disturbance is a sinusoidal signal added with Gaussian noise in Fig. 2-(a) and (b) . Fig. 2-(a) shows the output of the fuzzy preprocessor w f from noise added w and _ w. In Fig. 2-( 
